The amount of atmospheric water vapor above a given site on the earth's surface, the precipitable water vapor (PWV), varies greatly with time. For synoptic weather forecasting, one obtains this quantity by integrating in situ measurements from balloon-borne radiosondes conventionally launched every 12 hours; but the periodicities of the variations span a wide scale. For example, seasonal and yearly changes are significant, especially in temperate zones. Likewise, large air masses on the synoptic scale produce variations with periods of the order of a week. On the other hand, weather fronts give rise to variations on the order of hours. In addition, there are cloud-sized patches of vapor that produce periods of minutes, as well as very-small-scale patches, caused by turbulence, that move with the wind and can give rise to periods on the order of seconds. The variations are of interest in systems relying on measurement of the phase of radio waves, such as very-longbaseline interferometry and geodetic metrology, as well as in meteorology Recent developments in dual-channel microwave radiometers (1)have afforded continuous observation of the PWV. This type of instrument is well calibrated and reliable; extensive field tests show that it yields measurements that compare closely with PWV measured by radiosondes of the U.S. National Weather Service (NWS). The minimum time constant of the instrument is about 1second. In addition, the instrument measures the vertical line-integral of cloud liquid (2) independently but simultaneously with the PWV. Figure 1 is a time series that shows, to some extent, how the PWV varies during time intervals of less than a week. For example, on day 273, the PWV decreased to half value from midnight to midday and then regained half of that decrease by evening. Periods of much less than an hour are observed on several occasions; for example, the fine-grained low-amplitude fluctuations near noon of day 269. The time constant of the instrument is 2 minutes for these data. An analysis of very-short-term fluctuations is given by Orhaug (3).
A 2-year test of a dual-channel radiometric instrument has been performed at the radiosonde launch site of the Weather Service Forecasting Office of NWS, Stapleton Airport, Denver, Colorado. The main obiectives of the test were evaluation of reliability under continuous unattended operation and direct comparison with data from the radiosondes (launched every 12 hours). The test showed that the accuracy of PWV measured by the radiometers is 5 0.8 mm (root-mean-square) in the long term, with a short-term sensitivity of 0.08 mm.
During this period, the 2-minute averages of PWV were recorded on the disk of a minicomputer. Thus, by analysis on a computer, one can obtain spectra of PWV that extend to periods as short as several minutes.
Examples of spectra are shown in Fig.  2 ; curve a corresponds to the time series of Fig. 1, about a 7 -day period. The abscissa is in frequency units (F) of cycles per day; therefore, F = lo2, for example, applies to a period of about 15 minutes. The length of the individual data samples was 34 hours, and five of these were averaged to produce the spectrum of curve a. The weather was clear with broken clouds; the average PWV for the 7-day period was about 1.2 cm, and the average wind was about 8 m/ sec. We detrended the time-series data by taking first differences before removing the mean. The spectrum, computed by Fourier transform, is adjusted by taking into account the effect of differencing the time series. Differences between the spectra of the detrended data and data with only the mean removed are only observed at the lowest frequencies for nonstationary samples.
Another spectrum, taken under much drier conditions, is curve b in Fig. 2 ; three 34-hour data samples were averaged. Visual comparison indicates that this power spectrum is lower by almost a factor of 10 than curve a.
It is instructive to integrate these spectra of Fig. 2 to obtain the variances; these are 0.66 and 0.04 cm2, respectively, for curves a and b. The variance for curve a is larger by more than a factor of 10 than the variance for curve b, a result Cycles per day Fig. 2 . Curve a is an example of the spectrum of PWV measured at the Weather Service Forecasting Office, Denver, Colorado, over five 34-hour periods during a week; the average PWV for the period is 1.2 cm. Curve b is the corresponding spectrum for a drier condition over three 34-hour periods; the average PWV is 0.35 cm. The units of the ordinate are square centimeters per cycle per day. 
